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Display device with charge sharing 



The invention relates to a display device and to a method of controlling a 
display device. 

Display technology plays an increasingly important part in information and 
communication technology. As the interface between man and the digital world, a display 
device or display for short has a central significance for the acceptance of modern 
information systems. Displays are used in particular in portable appliances such as, for 
example, notebooks, telephones, digital cameras, and personal digital assistants. The energy 
consumption is a particularly important criterion in these portable appliances, because the 
operational life of the battery of the appliance, and thus the period of use of the appliance 
depend thereon. 

There are two kinds of displays in principle. These are passive matrix displays 
on the one hand, and active matrix displays on the other. 

The active matrix displays have become particularly important by now 
because fast picture changes, for example the display of moving images, can be realized by 
means of this technology. The picture elements or pixels are actively controlled in active 
matrix LCD technology. The most frequently used version thereof operates with thin-film 
transistors (TFT-LCD). The image signals in the pixel are indicated here by means of silicon 
transistors which are directly integrated with each pixel. It is necessary for the display of 
distinct grey levels that the displays or picture screens can be controlled with correspondingly 
different voltages from a wide voltage range. Driver circuits with charge pumps are used for 
this control of the display. Since the integrated circuits, in particular those in portable 
devices, are fed with a low supply voltage provided by a battery, the higher voltages 
necessary for controlling the display are to be generated by charge pumps. The rotation of the 
liquid crystals changes in dependence on the voltage level, so that more or less light is 
transmitted. This light originates either from a light source arranged behind the display, 
which radiates a so-called backlight, or from daylight incident from the front on a reflector 
layer and reflected back, in the case of a reflecting display. 
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Liquid crystal displays typically are formed from a glass with connection 
terminals passed to the exterior, to which the driver circuits or control devices are connected. 
These driver circuits convert the image signals or image data, which are to be displayed on a 
display, into the corresponding voltage values. The image information is stored in memory 
devices in the form of digital image signals or image data. These digital image signals are to 
be converted into analog signals so that a suitable luminous intensity can be generated on a 
display by means of an analog voltage. The digital-to-analog converters necessary for this 
conversion convert the digital image signals into voltages which lie in a range from below 20 
mV up to more than 15 V. Since these high voltages are to be generated in the portable 
appliances by means of charge pumps or charge multipliers, it is particularly important that 
the available voltage should be utilized as effectively as possible. 



It is accordingly an object of the invention to provide a display device in 
which the energy consumption is reduced through charge sharing. 

This object is achieved by means of a display device with a plurality of pixels 
arranged in rows n and columns m, wherein the pixels of a row can be selected through 
control lines, and with a row driver circuit for activating the n rows by means of a row 
voltage and with a column driver circuit for controlling the m columns with a column 
voltage, which voltages correspond to the image data of the pixels of the selected row to be 
displayed, and wherein it is provided upon a transition from a selected row n to another row 
n+x that the row voltage is connected to an intermediate voltage level and the row n+x is first 
connected to said intermediate voltage level and subsequently is charged up to the required 
row voltage. 

It is possible in the case of passive matrix displays to utilize the charge or 
vokage applied to a row jointly with the next row through a connection thereto, and thus to 
divide or share this charge or voltage. Such an interconnection of the rows or joint utilization 
of ijar v^haxge is not possible in the case of active matrix displays, because then both rows 
would be active simultaneously in part, which would lead to a voltage loss between these 
rows, so that there would be crosstalk between the rows and the quality of the display would 
be impaired by this crosstalk between the rows. Two adjoining rows would be simultaneously 
activated then, and the column voltage applied would switch on the pixels of both rows in the 
relevant column. Since the column voltage is only provided for a single pixel in accordance 
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with the its grey level, this column voltage would now be applied to two pixels, which the 
result that pixels would not have the desired grey level. 

A direct take-over of the method from the passive matrix displays for a power 
saving by means of charge sharing is not possible, because the time sequence in the control 
of passive matrix displays is a different one, and also the voltages for the row and column 
control are different. As was described above, a direct interconnection leads to a quality 
reduction of the display device. It is accordingly required in particular to achieve a charge 
sharing without a noticeable delay in time. On the other hand, the additional expenditure on 
circuitry for realizing the charge sharing should be kept within bounds. 

The rows of an active matrix display are controlled sequentially with 
predetermined row voltages. The gates of the TFT transistors in the respective row are 
activated by the row voltage, whereby the row is selected. The pixels (or picture elements) of 
the selected row are then switched on by the column voltages (V Co i) applied to the respective 
data lines of the display, in dependence on the applied column voltage. This column voltage 
is transferred via the TFT transistor into a storage capacitor present in the pixel, which 
capacitor keeps the respective voltage or charge in store up to the next line sweep. The 
column voltages are of different values, the level of the column voltage depending on the 
grey level to be displayed. The liquid crystals in the pixels rotate to different degrees owing 
to the different column voltages on the respective data lines, so that more or less light can 
pass through in dependence on the rotation, which results in a different grey value for the 
viewer. Color filters are used for the display of colors. A display with several different colors 
utilizes several TFT transistors integrated in one pixel and several color filters arranged in 
front of the display. The TFT transistors of a pixel are then switched on jointly or singly in 
dependence on the color to be displayed. 

In the construction according to the invention, the row voltage applied to the 
row selected at a given moment is first connected to an intermediate voltage level at the 
transition from the respective row to the next one or to some other row, so that the charge of 
the selected row can drain off to this intermediate voltage level, at which it is temporarily 
stored by a capacitor. After the connection to the intermediate voltage level, the remaining 
charge or voltage of the row is drained off through connection to a reference potential. The 
row to be newly selected cannot be connected to the intermediate voltage level until after the 
moment at which the selected row was separated from the intermediate voltage level. 

During charging-up of the row voltage for activating the next row, this row is 
first connected to the intermediate voltage level, so that the charge stored there in the 
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capacitor can flow to this row. It is only necessary after that to charge the respective row 
from the intermediate voltage level up to the finally required row voltage (V Row ), with the 
result that less energy need be used for this than if this row were to be charged to the required 
row voltage starting from the reference potential (V 0 ). 

In an advantageous embodiment of the invention, the activated row is 
connected to an intermediate voltage level present in the driver circuit. In particular, the 
maximum column voltage V co i ma x is used as the intermediate voltage level here. It is 
advantageous in this embodiment that the intermediate voltage level has already been 
realized in the circuitry technology. As a result, the charge of the selected row flows to this 
voltage level of approximately 5 V and is thus stored. The next row will then first be 
connected to this intermediate voltage level V colmax again, so that the row is charged to the 
Vcoimax voltage level. The next row is then charged from 5 V to the required 15 to 20 V of the 
row voltage so as to activate this row. As a result, the row voltage need not be generated to 
its total level, or by means of a charge pump. 

In an advantageous embodiment of the invention, several intermediate voltage 
levels are used for charge division or sharing. In this case, the charge of the selected row is 
first connected to the highest intermediate voltage level, followed by the next lower 
intermediate voltage level. After the selected row has been discharged, the next row is 
successively connected to the intermediate voltage levels, thus obtaining the charges stored at 
these levels. 

A switching unit is provided for the connection to the one or several 
intermediate voltage level or levels, to which unit the available voltage levels (V Row , Vcoimax) 
of the display device are supplied. The row voltage applied to the current row n is connected 
to the intermediate voltage level in this switching unit, for example by means of a transistor 
acting as a switch. 

As the number of intermediate voltage levels increases, however, the circuitry 
expenditure will become higher than in the case of only a single intermediate voltage level. 

The additional time required for switching the currently selected row to the 
intermediate voltage level and then switching the next row to be controlled to the 
intermediate voltage level and subsequently to the required row voltage lies in the 
millisecond range and has no appreciable influence on the quality of the display device. 

In an advantageous embodiment of the invention, the inventive construction of 
the charge sharing mechanism is switched off in the case of a maximum image repetition 
rate. 
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Display devices usually have a programmable image repetition rate. This can 
be selected in dependence on the application. Thus, for example, a higher image repetition 
rate is required for the display of moving images than in the case of still images, for example 
on mobile telephones or non-animated displays on computers, for example laptops. The 
charge sharing according to the invention is accordingly activated only for the display of still 
images, so that a considerable energy saving can be achieved in this case because of the 
charge sharing. Time can be saved in a row sweep in the display of moving images thanks to 
the switching-off possibility of the charge sharing. It is thus possible to choose between a 
high image repetition rate for movements with a higher energy consumption and a somewhat 
reduced image repetition rate with a reduced energy consumption. 

The object is also achieved by means of a method of controlling a display 
device with pixels arranged in rows n and columns m, wherein row voltages VI to V4 are 
supplied to the rows via control lines so as to select a row, and wherein column voltages are 
supplied to the columns m via data lines, and wherein the rows are consecutively selected, 
and in the case of a transition from a selected row n to another row n+1 the charge applied to 
the selected row is transferred to an intermediate voltage level, and the other row n+1 is first 
connected to said intermediate voltage level and is subsequently charged up to the required 
control voltage. 



The invention will now be explained in more detail with reference to 
embodiments shown in the drawings, in which: 

Fig. 1 shows the construction of a display device, 
Fig. 2 is a circuit diagram of a pixel, 

Fig. 3 shows row voltages for charge sharing in passive matrix displays, and 
Fig. 4 shows row voltages for charge sharing in active matrix displays. 
Fig. 1 is a block diagram representing the control of a display device 2. 



A column driver circuit 3 and a row driver circuit 4 are associated with the display device 2. 
The display device 2 comprises pixels 8 which are arranged in rows n and column m. The 
rows n are selected via control lines 6. The row voltages V, to V 4 are supplied to the rows via 
these control lines. The column voltages are supplied to the columns m via data lines 7. 
The rows n of the display device are selected consecutively in principle. It is possible 
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special control methods to select the even rows only, for example in one screen traversal, and 
to control the odd rows in the next transversal. The invention is applicable to each and every 
control method, since it is not important in what sequence the rows are selected or controlled. 

The row voltage V row lies in a range from VI = +14 V to V4 = -12 V. The 
column voltage Vco, varies from V colmin = 0 V to Vco Imax = 5 V in dependence on the grey 
level to be displayed. 

Fig. 2 shows a pixel 8. The pixel 8 mainly comprises a switching element 9, 
formed by a TFT transistor here. A storage capacitor 10 stores the charge until the next row 
sweep. The TFT transistor 9 is connected to the control line 6 and the data line 7. The row 
voltage V row is supplied through the control line 6. The gate of the TFT transistor 9 is opened 
or activated by this row voltage V row . The row voltage opens the gates of all TFT transistors 
of the pixels present in this row. At the moment at which the gates of the TFT transistors are 
open, the column voltage V*,, is supplied via the data lines 7. All pixels present in the row are 
provided with their respective column voltages via the data lines 7, such that the pixels 
display the corresponding grey levels. 

Fig. 3 is a diagram in which the switch-on pulses of the row voltage are shown 
for a passive matrix display. It is shown here that the row voltage of the selected row n is 
directly connected to the next row n+1 at a moment t 3 i. The charge of the row n flows to the 
row n+1 until a moment t 32 . At this moment t 32 , both transistors of both lines are open in the 
diagram of the row n+1, which may lead to a quality reduction in the case of active matrix 
displays. Starting from this moment, the line n+1 is charged further until the required charge 
level of V row has been reached. 

Fig. 4 is a diagram of the present invention in which the switch-on pulses of 
the row voltage are shown for an active matrix display. At a moment t 2 , the selected row n is 
connected to the intermediate voltage level V C0lmax , and the charge is stored there. The row n 
remains connected to the intermediate voltage level up to a moment t 3 . Then it is 

further discharged down to 0 V at moment t4. The row n+1 is connected to the intermediate 
voltage level at a moment t 5 , which is identical to the moment U. This row n+1 remains 
connected to the intermediate voltage level until moment t*. Then it is charged up to 

the required voltage level of approximately 15 V by means of charge pumps. The energy 
saving here takes place in two steps. First the charge of the row n is stored at the intermediate 
voltage level Vcoimax- It suffices for charging the row n+1 to charge the voltage difference 
between the intermediate voltage level V colmax and the necessary row voltage. The procedure 
is the same for the further rows. 



